Recent investigations have directed attention to the role of the thyroid gland in maintaining calcium homeostasis19. The thyroid glands of mammals contain an independent population of endocrine cells responsible for the synthesis and secretion of thyrocalcitonin (calcitonin), the recently characterized hypocalcemic and hypophosphatemic hormone. The immunofluorescent studies of BUSSOLATI and PEARSE~ localized the synthesis and storage of thyrocalcitonin to the parafollicular (thyroid C-) cells. Ultrastructurally the cytoplasm of parafollicular cells in different species contains numerous membranebound, electron-dense secretory granules89 239 27, 33. Investigations by BAUER and TEITELBAUM3 suggest that the hypocalcemic activity in the thyroid gland be associated with these granules. The active particulate fraction of porcine thyroid homogenates contained membranelimited granules resembling morphologically the secretory granules of intact parafollicular cells. The number and distribution of secretory granules within parafollicular cells have been shown to be responsive to changes in the concentration of calcium in the blood. Hypercalcemic perfusion of the thyroid gland resulted in a rapid degranulation of the cytoplasm in rats and dog@, 17.
normal concentrations of blood calcium may mean the hormone play a more important role in protection of the skeleton against excessive loss of mineral than in over-all calcium metabolismls.
Research on the etiology of porcine atrophic rhinitis has incriminated hereditary factors, nutritional imbalances, and a variety of infectious agents as possible primary causes of the disease. It has been reported that the lesion of the turbinates in porcine atrophic rhinitis is the result of excessive resorption of tubular cancellous bone stimulated by parathyroid hormones. Thyroidectomy has been reported to accentuate the osteopenia in young pigs with nutritional secondary hyperparathyroidism29. The loss of additional bone most likely resulted from accelerated resorption due to a deficiency of thyrocalcitonin. However, the possible role of thyrocalcitonin as a stimulator of osteoblastic activity should not be discounted even though there was no histologic lesion of osteoblastic atrophy187 22. There are indications that thyrocalcitonin may play a role in the pathogenesis of certain metabolic diseases, viz. pseudohypoparathyroidism29 25, hyperparathyroidism' 9 16, 30, osteopetrosis in mice229 31, and parturient paresis in cattle34. An inability of the parafollicular cells to synthesize and/or release thyrocalcitonin could predispose the tubular cancellous bone of the nasal turbinates of young rapidly growing pigs to excessive resorption stimulated by parathyroid hormone. The specific objectives of this investigation were (1) to evaluate ultrastructurally the secretory activity of thyroid parafollicular cells in young control pigs, and (2) to compare these findings to those in pigs of the same age with spontaneous atrophic rhinitis, in order to detect possible abnormalities in metabolism of thyrocalcitonin.
Materials and Methods
A total of 18 specific pathogen-free pigs were used in this investigation. Twclve 4-month-old pigs had clinical signs and macroscopic and histologic lesions pathognomonic for atrophic rhinitis. Eight crossbred Hampshire-Yorkshire pigs had been fed since weaning ad libitum corn (0.020/, calcium, 0.260/, phosphoruszu) and a 40% protein supplement containing 2.7 to 3.7% calcium and l.Oo/o phosphorus. The average weight of these pigs at necropsy was 25 kg. The 4 remaining pigs with atrophic rhinitis were fed a diet since weaning that contained 4.73y0 total ash, 0.90% calcium, and 0.50% phosphorus. These specific pathogenfree pigs averaged 70 kg at necropsy.
Six clinically healthy, 4-month-old pigs, without macroscopic or microscopic evidence of atrophic rhinitis, served as controls. Four control pigs had been fcd a diet which contained 6.917" total ash, 1.12% calcium, and 0.69% phosphorus since weaning. Two additional control pigs were fed a diet containing 4.877; total ash, 0.72%, calcium, and 0.40y0 phosphorus. The average weight of these pigs at necropsy was 70 kg.
Blood samples were collected from each pig at the time of necropsy. Serum calcium was determined by atomic absorption spectrophotometry (Perkin-Elmer Model 303). Serum phosphorus was determined according to the method of FISKE and SUB BAR OW^^, and serum alkaline phosphatase according to the method of BESSEY, LOWRY, and B R O C K~ as modified by HAUSAMEN et a1. 17 .
Multiple blocks of tissues from the thyroid glands of all pigs were prepared for ultrastructural evaluation immediately following euthanasia by electrocution.
The tissue was cut into 0.5 mm cubes and fixed by 3 different procedures: direct 1% osmium tetroxide in phosphate buffer with 0.1 M calcium chloride, 3% glutaraldehyde with postfixation in 1% osmium tetroxide20, and paraformaldehydeglutaraldehyde according to the method of K A R N O V S K Y~~.
Following fixation the tissues were dehydrated through ascending concentrations of ethyl alcohol, transferred to propyIene oxide, and embedded in maraglas. Sections were cut at 500A with glass knivcs on a Porter-Blum ultramicrotome and mounted on 200and 400-mesh copper grids. The sections were stained with uranyl acetate and lead hydroxide, and examined with a Philips 200 electron microscope. The magnification listed for the electron micrographs represents the final magnification after printing.
Results
Involvement of the nasal turbinates varied in stages of development from a slight reduction in volume of the inferior scroll of the ventral turbinate to absence of dorsal and ventral turbinates in diseased pigs. Lateral deviation of the median septum and distortion of facial bones occurred in varying degrees. Pigs with atrophic rhinitis had a mean concentration ( A standard error) of serum calcium, phosphorus, and alkaline phosphatase of 10.7&0.2 mg/100 ml, 7.1 h0.5 mg/100 ml, and 252 +25 IU/L., respectively. In control pigs the corresponding values were 11.750.03 mg/100 ml, 8.9k0.5 mg/100 ml, and 377 &34 IU/L., respectively. The difference of the means was statistically significant at the 0.5% level for calcium, the 1.0% level for phosphorus, and not significant for alkaline phosphatase as determined by Student's t test. The concentration of calcium, phosphorus, and alkaline phosphatase in the serum of individual pigs has been reported previouslyl4.
Parafollicular Cells in Control Pigs
Although follicular cells and the adjacent colloid comprised the bulk of the thyroid glands of control pigs, individual or small groups of parafollicular cells were readily identified. They were located at the periphery of the follicles in either an epifollicular or intrafollicular position with the follicular basement membrane closely applied to the cell membrane ( Fig. 1) . Occasionally, individual cells or small groups were situated outside of the follicular basement membrane between thyroid follicles in an interfollicular position.
The parafollicular cells within the follicular wall did not contact the luminal colloid directly but were separated from it by an attenuated rim of follicular-cell cytoplasm. Parafollicular cells were usually located in close proximity to an interfollicular capillary ( Fig. 2 ). They were irregularly polyhedral or ellipsoidal and their long axes were often parallel to the circumference of the thyroid follicle (Fig. 2 ). The nuclei of parafollicular cells were large, finely granular, uniformly electron-dense, and often eccentrically placed within the cell (Fig. 1 ). Plasma membranes of adjacent follicular and parafollicular cells pursued an essentially straight course with a few uncomplicated interdigitations and desmosomal attachments.
Parafollicular cells occurred in both the storage phase ( Fig. 1 ) and the actively synthesizing phase (Fig. 2 ) of the secretory cycle. Those in the storage phase predominated and were characterized by a densely granulated cytoplasm (Fig. 1) . The numerous large, moderately electron-dense secretory granules were distributed uniformly throughout the cytoplasm. Cytoplasmic organellar development, with the exception of the Golgi apparatus, was not so extensive as in para- follicular cells in the actively synthesizing phase of the secretory cycle. However, there were large mitochondria, individual profiles of cndoplasmic reticulum, and small aggregations of free ribosomes scattered throughout thc cytoplasm (Fig. 1) . The abundant cytoplasmic area of cells in the actively synthesizing phase was characterized by numerous well-developed organelles (Fig. 2) . The endoplasmic reticulum was prominent and consisted of flattened individual profiles with numerous attached ribosomes. Frequently, these flattened profiles of granular membranes were aggregated into lamellar or circular arrays in close proximity to the nucleus. Aggregates of free ribosomes occurred throughout the cytoplasm. The Golgi apparatus was large and associated with numerous vesicles and prosecretory granules of varying electron-density. A moderate number of round to oval mitochondria were randomly dispersed throughout the cytoplasm. Secretory granules were few and appeared as small, electron-dense granules in the vicinity of the Golgi apparatus or in close proximity to the plasma membrane (Fig. 2) . There were cells with ultrastructural characteristics intermediate between these 2 phases of the secretory cycle.
The secretory granules in the parafollicular cells were preserved best when fixed with 3% glutaraldehyde. They varied in size and electron density, and were surrounded by a well-defined limiting membrane with a prominent submembranous space (Fig. 3) . The granules ranged from 164 to 478 mp in greatest diameter with a mean of 277 mp. The limiting membrane of peripherally situated secretory granules was in close proximity to the plasma membrane of the parafollicular cells ( Fig. 4) . Occasionally, the limiting membrane of secretory granules appeared to be fused with the plasma membrane ( Fig. 5 ). This was interpreted to be an advanced stage of release of secretory material from the granules into the extracellular perivascular space. 
Parafollicular Cells in Pigs with Atrophic Rhinitis
The parafollicular cells appeared to be numerically and ultrastructurally similar to those in control pigs of similar age and weight. The predominant type of parafollicular cell was interpreted to be in the storage phase of its secretory cycle (Fig. 6 ). Parafollicular cells in the actively synthesizing phase of the secretory cycle occurred in numbers approximately equal to control pigs. Parafollicular cells in the storage phase had numerous secretory granules, individual profiles of endoplasmic reticulum, clusters of free ribosomes, and large mitochondria. The Golgi apparatus was well developed and consisted of paired, smooth, often arcuated membranes with cisternae which were either flattened or moderately distended with a finely granular, electron-dense material (Fig. 7) . Numerous vesicles and prosecretory granules were associated with the Golgi complex. Secretory granules in the vicinity of the Golgi apparatus tended to be small and electrondense, whereas secretory granules located peripherally in the cytoplasm were larger and less electron-dense ( Fig. 7) .
Parafollicular cells in the actively synthesizing phase of their secretory cycle had a prominent ergastoplasm. Parallel lamellar arrays of endoplasmic reticulum consisting of 5 or 6 flattened granular sacs were aggregated in the perinuclear region (Fig. 8) . The Golgi apparatus was associated with numerous vesicles and prosecretory granules. There was no ultrastructural evidence of significant degranulation, organellar hypertrophy, atrophy, or hyperplasia of parafollicular cells in the thyroid glands of pigs with atrophic rhinitis. Fig. 5 . Secretory granules near the plasma membrane of a parafollicular cell illustrating fusion of the limiting membrane of a granule with the plasma membrane (arrow). The contents of the electron-dense core of the secretory granule appear to have been partially discharged into the extracellular perivascular space. Control pig. Glutaraldehyde ; x 94,300. 
Discussion
The results of the present investigation suggested that thyrocalcitonin-secreting parafollicular cells in the actively synthesizing and storage phases of the secretory cycle occurred in similar proportions in the thyroid glands of control pigs and pigs with atrophic rhinitis. The cells considered to be in the actively synthesizing phase had ultrastructural characteristics suggesting increasedprotein synthesis and shared similarities with other cells concerned with active protein synthesisl2. Newly synthesized protein to be secreted appeared to collect in the intracisternal spaces of the endoplasmic reticulum and be channelled subsequently to the Golgi apparatus for packaging into secretory units12. Morphologic evidence for a similar synthetic and storage process has been reported in the parafollicular cells of other spe-
The presence of parafollicular cells in the actively synthesizing and storage phases of the secretory cycle in the 2 groups of pigs was interpreted to be a normal secretory response of these cells. Recent investigations have demonstrated that thyrocalcitonin is secreted continuously under normal physiologic concentrations of blood calciuml3. Distinct uItrastructura1 changes have been observed in parafollicular cells as a response to alterations of blood calcium. Parafollicular cells in rats made hypocalcemic by parathyroidectomy became more numerous and were filled with secretory granules71 16,32. GITTES et al. 16 concluded that during hypocalcemia in the rat, when release of thyrocalcitonin is at a minimum, synthesized hormone is stored in excess of normal in the thyroid gland. In contrast, the amount of thyrocalcitonin in the thyroid in rats made hypercalcemic by the intraperito-cies?, 9, 10, 24, 27. Previous invcstigations of the parathyroid glands in pigs with atrophic rhinitis failed to demonstrate significant ultrastructural changes in secretory activityl4. Prolonged or severe parathyroid hyperactivity did not appear to be of primary etiologic importance in the pathogenesis of the disease. Ultrastructural evaluation of the secretory activity of parafollicular cells in the present investigation did not suggest an interference in the synthesis and/or release of thyrocalcitonin in pigs with naturally occurring atrophic rhinitis. The marlied reduction in volume of tubular cancellous bone in the nasal turbiiiates of all 12 diseased pigs did not appear to be rclated to an alteration in thyrocalcitonin metabolism. Although the mean serum calcium concentration was significantly lower (1 mg/100 ml) in diseased pigs compared to controls, the levels in both groups of pigs were within the range of normal. Therefore it was not surprising that differences did not occur between the populations of parafollicular cells in the 2 groups of pigs. While an alteration in the synthesis or secretion of thyrocalcitonin by the parafollicular cells does not appear to be important in the pathogenesis of atrophic rhinitis, the possibility that subtle changes in thyrocalcitonin metabolism may occur at certain stages during the development of the turbinate lesion cannot be excluded.
The thyroid parafollicular cells of 4-month-old control pigs and pigs with naturally occurring atrophic rhinitis were evaluated ultrastructurally. Significant difference was not observed in populations of parafollicular cells between the 2 groups of pigs. Parafollicular cells occurred in actively synthesizing and storage phases of the secretory cycle in both groups. Actively synthesizing cells had a welldeveloped endoplasmic reticulum, aggregated ribosomes, and prominent Golgi apparatuses with prosecretory granules. The cytoplasm of parafollicular cells in the storage phase was packed with electron-dense secretory granules. The Golgi apparatus and ergastoplasm were less prominent. 'There was n o cvidencc to suggest that an intcrfcrcnce in thc synthesis o r release of thyrocalcitonin by parafollicular cclls was of etiologic importance in the pathogenesis of atrophic rhinitis.
